Summary. Prolonged administration of cycloheximide, an inhibitor of ribosomal protein synthesis, induces degeneration of rabbit taste bud cells: the degenerative changes resemble early changes in denervated taste buds.
Our observations show that the pattern of degeneration is quite diffierent in the three cell types of the taste buds. The earliest changes in type II and III cells are an increase in cytoplasmic filaments and extreme dilatation of rough endoplasmic cisternae. Profiles of dead type I and II cells vastly increase in number. Type I cells appear less affected by the drug and the only sign of degeneration was an increase in the number of autophagic vacuoles in their cytoplasm.
There was no indication that degenerating type I cells undergo transformation to type II or III cells. These findings support our hypothesis that type I, II and III cells represent distinct cell types and do not undergo transformation to other types in the course of their life span.
Three distinct cell types exist in rabbit taste buds and have been designated as type I (dark cell), type II (light cell) and type III (distinctly synaptic cell) on the basis of their distinctive cytoplasmic features (MURRAY, 1969; MURRAY, MURRAY and FUJI-MOTO, 1969) .
Since BEIDLER and SMALLMAN (1965) showed that taste bud cells degenerate after a limited life span and are constantly replaced by newly differentiated ones from perigemmal epithelial cell, two possibilities have been considered in relation to this conspicuous variation in the appearance of the taste bud cells. The first is that only a single cell type is present and that the different appearances represent stages in a life cycle from a less-differentiated form to a degenerated form. The second possibility is that more than one functional cell type is present, the different types originating from a common precursor pool of cells. Some previous papers (DE LORENZO, 1958; SCALZI, 1967; MURRAY and MURRAY, 1967) seem to suggest that each cell type may reflect a transient form in the life cycle of a single or perhaps two cell types. More abundant rough endoplasmic reticulum and free ribosomes in our type I cells perhaps support the assumption that this type is a less-differentiated form of the type II or III cells.
Cycloheximide (CHM), an antibiotic isolated from Streptomyces griseus, inhibits ribosomal protein synthesis.
Morphological effects of the drug have been observed in a variety of cells (VERBIN and FARBER, 1967; HARRIS, GRADY and SVOBODA, 1968; VERBIN, GOLDBLATT and FARBER, 1969; KAHRI, 1971; VERBIN, LONGNECKER, LIANG and FARBER, 1971) . This paper deals with the effects of prolonged administration of CHM on the ultrastructure of taste buds. The purpose of this experiment was to induce degeneration in the taste bud cells and to throw some light on the relations between the taste bud cell types.
Six adult rabbits weighing 2.3-2.7kg were used for this experiment. CHM dissolved in 2ml of a physiological saline was injected into the peritoneal cavity at intervals of 12hrs.
The daily dosage was 2mg, 4mg and 10mg per kg body weight for each pair of animals.
Because of high mortality caused by the drug, two animals receiving 10mg/kg of the drug were sacrificed after 2 days and 7 days. The other 4 animals were killed after 10 days. aldehyde in 0.1M cacodylate buffer (pH 7.4). After the perfusion, the foliate papillae in graded concentrations of acetone, and embedded in epoxy resins.
Thin sections were made by a Sorvall MT-1 Ultramicrotome, stained both with uranyl acetate and lead hydroxide, and observed with a Hitachi HU-11 electron microscope.
The ultrastructure of rabbit foliate taste buds has been reported by several workers (DE LORENZO, 1958; MURRAY and MURRAY, 1967; SCALZI, 1967; MURRAY, 1969; MURRAY, MURRAY and FUJIMOTO, 1969; FUJIMOTO, 1973) . The type I cell (dark cell) is more compact both in cytoplasm and nucleus, and more slender in outline occasionally enclosing other cell types.
The well-developed rough endoplasmic reticulum and the Golgi complexes which are associated with electron-dense granules suggest a high level of synthetic activity.
A secretory function for these cells was previously emphasized by the fact that the production of the granules parallels the persistence of dense substance in the pit region in regenerating taste buds (FUJIMOTO and MURRAY, 1970) . A relationship between type I cells and nerve fibers similar to that of Schwann cells may indicate the supportive nature of these cells (Fig. 1) .
The type II cell (light cell) is lighter in appearance, broader in outline, contains an abundant smooth endoplasmic reticulum, and is in extensive contact with the nerve "endings" but shows no typical synaptic specializations.
The G olgi complexes do not produce dense granules but many vesicles, possibly Golgi-derived, are scattered in the cytoplasm above the nucleus ( Fig. 1 ). The type III cell (synaptic cell) is similar to many type II cells in shape and in electron-density of the cytoplasm but differs in the following respects: (1) the presence of two types of vesicles, dense-cored vesicles and so-called synaptic vesicles, in the basal cytoplasm; (2) contact with nerve "endings" consisting of typical chemical synapses with presynaptic densities associated with synaptic vesicles (Fig. 2) ; (3) positive reaction for acetylcholinesterase activity within these cells alone ( Fig. 3 and see also MURRAY and FUJIMOTO, 1970) . These features strongly suggest that this cell type is the primary gustatory receptor although we do not rule out a gustatory function for type II cells.
Effects of CHM on the taste bud cells (Fig. 4-13) In normal taste buds a few degenerating cells are always present probably because of the relatively short life span of the cells. One animal treated with 10mg/kg of CHM for 2 days and two animals treated with 2mg/kg for 10 days showed no significant change in taste bud ultrastructure.
The changes observed in the other treated animals will be described together since no significant differences were found from animal to animal. However, the extent of the degeneration is quite variable between individual taste buds and between individual cells. Even in the most severally damaged taste buds, cells of normal appearance lie next to abnormal cells.
One change generally observed in the taste buds after the treatment is a reversal of the normal pattern of dark type I cells and light type II and III cells (Fig. 4-6 ). This was also recognized as an initial change in denervated taste buds (FUJIMOTO, A dead cell (DC) is also seen. is electron-dense and shows dilatation of its rough endoplasmic cisternae. 1 type I cell. Treated MURRAY and MURRAY, 1969; FUJIMOTO and MURRAY, 1970) and suggests a general degeneration pattern of type II and III cells by a process of cytoplasmic condensation. Such condensed cells show a massive increase in the number of cytoplasmic filaments, and most of the cisternae of their rough endoplasmic reticulum are extremely dilated (Fig. 4-8 ). This change in the appearance of the cisternae occurs most severely in type III cells but is not seen in type I cells. The swollen cisternae often contain filamentous material and many small vesicles (Fig. 7, 8) . Confluence of the cisternae and detachment of ribosomes from the membrane is also suggested by our pictures (Fig. 7, 8) . Nuclei of such altered cells often contain large vacuoles suggesting nuclear degeneration. These vacuoles contain many small vesicles similar to those in the cisternae (Fig. 8) . Rough endoplasmic cisternae of type I cells do not dilate but sometimes show slight curvilinear or whorl-like arrangements (Fig. 4) .
Another sign of degeneration induced by CHM is an increase in autophagic vacuoles showing various lytic changes (Fig. 9, 10) . A few autophagic vacuoles are always present in cells of normal taste buds but there is a considerable increase after the treatment.
This event occurs most markedly in type I cells but is not evident in type III cells. As type I cells do not show an increase in cytoplasmic filaments or dilatation of their rough endoplasmic cisternae, this phenomenon is the only sign of degeneration in these cells. Some inclusions confined to type I cells appear to represent phagocytosis rather than autolysis since they include condensed portions of the other two cell types, especially of type III cells (Fig. 9 ). Similar observations were also made in denervated taste buds (FUJIMOTO and MURRAY, 1970) . An increase in the number of profiles of degenerated cells is also evident in most taste buds after the treatment.
However, most of these profiles represent type II and III cells. Debris from such necrotic cells is frequently observed between perigemmal epithelial cells (Fig. 11) . Structural disturbance of the taste pore region becomes pronounced in some damaged taste buds. These range from complete destruction of the pit region to slight vacuolation of the microvilli (Fig. 13) .
Effects of the drug on Golgi complexes are not certain although their cisternae are slightly dilated in some taste buds. The production of dense granules in type I cells apparently continues even as the cell is degenerating (Fig. 5) . However, the rate appears considerably reduced since the number of granules in the cell apex greatly decreases.
There is no apparent decrease in the number of type III cell vesicles after the treatment.
However, fewer so-called synaptic vesicles are found associated with the nerve endings (Fig. 12 ). An increase in the number of lipid droplets was observed exclusively in type II cells (Fig. 6 ). This may be an indication of a decrease in the rate of protein synthesis in these cells.
No changes were noted in smooth endoplasmic reticulum and mitochondria. No increase in the number or concentration of smooth cisternae in type I cells was recognized.
Discussion
The biochemical effects of CHM include inhibition of ribosomal protein synthesis, and secondary inhibition of DNA synthesis and DNA-dependent RNA synthesis (ENNIS and LUBIN, 1964; TRAKATELLIS, MONTJAR and AXELROD, 1965; KORNER, 1966) . Biochemical assay indicates that a single injection of 2mg/kg of CHM produces more and FARBER, 1969). One would thus expect to observe a number of significant structural changes in a variety of cell types. However, in spite of the severe disturbance in protein metabolism induced by the drug, the structural responses of some cells, such as crypt cells of the small intestine (VERBIN and FARBER, 1967) and liver parenchyma) cells (VERBIN, GOLDBLATT and FARBER, 1969) , are minimal. On the other hand, the morphological effects of prolonged administration of CHM are striking in rabbit taste buds. Although a few cells are always degenerating in normal taste buds, this process becomes exaggerated in the treated taste buds.
The morphological effects of the drug differ in individual cell types. Type I cells appear least affected by the drug: although there is some increase in the number of autophagic vacuoles within many such cells, an increase in cell death is not so apparent as in the case of the other cell types. Furthermore, the Golgi complexes continue to produce dense granules even as the cell is undergoing degeneration. The structural responses are much more striking in type II and III cells, many of which apparently die following CHM treatment.
The first sign of cell degeneration appears to be dilatation of the rough endoplasmic reticulum and an increase in cytoplasmic filaments.
Such changes in a form of the cisternae have been described in a variety of cells as a nontoxic response to inhibitors of protein synthesis and interpreted as due to a shift in the normal osmotic relationship of the cisternae to other cell compartments (HEINE, LANGLOIS and BEARD, 1966; LONGNEcKER, SHINOZUKA and FARBER, 1968) . It seems probable that such alterations will be followed by disruption of this organelle and subsequently by cell death.
The reason for the different degenerative patterns in the different cell types is not clear. Type II and III cells are extensively in contact with nerve endings and are considered to be gustatory cells, whereas type I cells show a Schwann cell-like relationship to nerve fibers, display phagocytotic activity and are interpreted as supportive cells. Thus, it seems likely that different responses to CHM treatment reflect the differences in nature between the three cell types.
One more speculation can be entertained. Since the dependence of taste buds on an intact nerve supply was first demonstrated by VINTSCHGAU and HONIGSCHMIED (1876), a "humoral hypothesis" has been proposed implying that a chemical substance released at nerve endings is necessary for the structural integrity of taste bud cells (OLMSTED, 1920; MAY, 1925) . Because type II and III cells are closely related to nerve endings, it seems likely that they would be particularly dependent on the presence of nerves.
Furthermore, a significant effect of protein synthesis inhibitors on synaptic activity was found by GAMBETTI and coworkers (1968) . Thus, the more severe change in type II and III cells may be due to effects of CHM on the humoral functions at the nerve terminals.
The lack of apparent changes in the surrounding non-innervated epithelial cells and the similarity between degeneration after CHM treatment and after denervation favor this assumption.
In any case, CHM in appropriate dosages may be a useful tool for the analysis of cell dynamics and of relationships between different cell types since it acts without inducing the very rapid cell loss as in the case of denervation.
It may be said that CHM treatment produces an acceleration of a normal process of cell degeneration. However, no degenerating form clearly indicating transformation between one cell type and another could be demonstrated in these studies. No degenerating type I cells showed an incresae in the number of smooth endoplasmic elements indicating a "degenerative transformation" to a type II cell. N o form of type I cells with both dark granules and cored vesicles indicating the transformation between a type I and III cell was observed. A more fundamental distinction of type I cells is their exclusive production of dense granules. Type I cells continue to produce these granules even as they show signs of degeneration.
Thus, type I, II and III cells seem to degenerate along distinct lines without transforming into other cell types. The present study supports our previous data which suggest independent origins for the three cell types of taste buds (FUJIMOTO and MURRAY, 1970) .
